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ABSTRACT
In this research, modified rice straw (MRS) is proposed. The proposed production process of the modified rice
straw (MRS) adsorbent is carried out by precipitation of iron nano particles on the surface of acid activated rice straw. The
nitrate adsorption is carried out through batch experiments. The optimum nitrate removal 94.8 % was achieved at Ph = 7,
adsorbent dose 3 = g/L, 150 rpm, initial nitrate concentration = 23 mg/L and contact time 180 = min. The new adsorbent
synthesis, kinetics and isotherm models were studied. The nitrate adsorption was well described by pseudo second order
kinetic model (R2 = 0.999) as it fitted with the experimental results better than the pseudo first order kinetic model (R 2=
0.872). The rate limiting step was determined using intraparticle diffusion model and Byod plot. For two parameters
isotherm model; Freundlich and Halsey isotherms (R2 = 0.997) fitted with the experimental results better than Langmuir
isotherm model (R2 = 0.973).For three parameters isotherm; Koble-Carrigan isotherm and Langmuir-Freundlich isotherm
(R2 = 0.9999) fitted with the experimental results better than Redlich-Peterson model (R2 = 0.5).
Keywords: nitrate; kinetic; isotherm; rice straw; adsorption; waste management.

1. INTRODUCTION
Highly contaminated water with nitrates leads to
many serious problems which affect human health and
environment [1]. Such as water eutrophication
phenomenon which causes an extremely failure and
damage in the water ecosystem because, excessive nitrate
intake in water leads to an excessive growth in algae and
aquatic plants [2]. Stomach cancer is a result of the high
nitrate concentration in water. When nitrate is reduced to
nitrite in the human body then it combined with
haemoglobin, this leads to prevention of oxygen carrying
to body cells and this phenomenon is called
methemoglobinemia or blue baby syndrome [3]. The
denitrification from aqueous solutions can be achieved by
various methods; biological denitrification, ion exchange,
chemical reduction and reverse osmosis process using
semi-permeable membrane [4]. Biological treatment
usually requires biomass waste disposal which is produced
in sufficient amounts. Also, it usually requires pH control
and an external organic carbon source in order to reduce
nitrate to nitrogen gas [5], [6]. Ion exchange and reverse
osmosis treatment processes remove many contaminants
including nitrate also, their design is complex and lead to a
second pollution which results in increasing of the overall
process cost [7]. Supporting of iron nano particles can be
achieved by several supporting materials in order to
overcome the agglomeration problem of iron nano
particles alone, increasing in their immobilization and
catalytic efficiency. These supporting materials are such as
activated carbon, biochar, nano-graphenes, clay materials
and silicon.Rice is one of the abundant agricultural crops
in the world. Million tonnes per year of rice are produced,
causing production of significant quantities of rice straw
wastes. Burning of rice straw leads to air pollution due to
the high increase in the black cloud emissions [8]. In this

research the rice straw is used as a carbon support for the
iron nano particles where rice straw is only acid activated
then used as a support for nZVI particles. Production of
such a modified rice straw adsorbent results in decreasing
in the amount of produced rice straw waste which can
increase the environmental remediation.
2. SYNTHESIS OF MRS ADSORBENT
Figure-1 presents the preparation scheme of the
modified rice straw (MRS) adsorbent. Washing rice straw
with distilled water for several times in order to remove
attached heavy particles followed by drying for a day in
the sun. Then, rice straw grinding to obtain it as a powder.
Rice straw acid activation was carried out by using
concentrated sulphuric acid (98%)in a ratio of (25gm :
25ml) at room temperature followed by washing for
several times with distilled water till reaching neutral pH.
Then, drying in an oven at 60 oC for 3 hrs [9]. The
precipitation of iron nano particles on the surface of acid
activated rice straw was achieved by mixing of 300 ml
ethanol and water in a ratio of (20:80) (V/V), 0.1 M Lascorbic acid and 200 mg of the acid activated rice straw
powder in a three necked bottle for 40 min, followed by
addition of 0.1 M FeCl3.6H2O, stirring for another 40
minutes till all of the FeCl3.6H2O dissolved in the solution
mixture. The insitu-reduction of iron nano particles on the
surface of the acid activated rice straw was carried out by
dropping of 300 ml of 0.16 M NaBH 4 dissolved in 0.1 M
sodium hydroxideinto the solution mixture at a rate of one
drop per two seconds using a rotating speed of 150 rpm for
2 hrs at room temperature and under aerobic conditions
[10]. Vacuum filtration of the produced adsorbent was
achieved by washing for several times with ethanol (70%)
followed by drying in a vacuum oven for 24 hrs at 40 oC
and finally storing it in a vacuum desiccator.
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Figure-1. MRS adsorbent preparation scheme.
3. BATCH ADSORPTION EXPERIMENTS
Batch experiments were performed to determine
the efficiency of the synthesized adsorbent in nitrate
removing using four effecting factors including initial
solution pH from 2, 7 and 12 which were adjusted by
using 0.1 M NaOH and 0.1 M HCl solutions, initial nitrate
concentration (6 mg/L, 23 mg/L and 40 mg/L), adsorbent
dose (2 g/L, 2.5 g/L and 3 g/L) and contact time (5 min,
92.5 min and 180 min). Experiments were performed in

glass conical flasks and they were shaken vigorously at
150 rpm. Upon shaking, samples were separated by using
a magnet, and then filtered. The concentration of nitrate in
the filtered solution was measured by using a UV/VIS
spectrophotometer.
4. RESULTS AND DISCUSSIONS
Table-1 represents the experimental values of
nitrate removal.
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Table-1. Experimental values of nitrate removal.
Run

pH

min

NO3 ion
concentration
after adsorption
mg/L

Percent
Nitrate
Removal
%

NO3 ion
concentration

Adsorbent
dose

Contact
time

mg/L

g/L

1

2

6

3

180

0.025

99.58

2

2

6

2

5

0.363

93.94

3

7

23

2.5

92.5

3.5

84.77

4

7

23

2.5

180

3.18

86.14

5

2

6

3

5

0.16

97.26

6

7

23

2

92.5

5.92

74.26

7

2

6

2

180

0.31

94.86

8

12

6

2

180

5.07

15.5292

9

2

40

3

180

6.44

83.9

10

12

23

2.5

92.5

19.63

14.64

11

12

40

2

5

38.63

3.4149

12

7

6

2.5

92.5

0.33

94.45

13

12

6

3

180

3.85

35.7456

14

2

23

2.5

92.5

2.21

90.4

15

7

23

2.5

5

5

78.27

16

2

40

3

5

7.64

80.89

17

7

40

2.5

92.5

15.72

60.68

18

12

6

2

5

5.17

13.7823

19

12

40

3

180

36

10.0802

20

2

40

2

180

10.71

73.22

21

12

40

2

180

38.34

4.126

22

2

40

2

5

11.7

70.77

23

7

23

3

92.5

1.7

92.68

24

12

6

3

5

4.15

30.7211

25

12

40

3

5

36.22

9.4555

5. ADSORPTION KINETICS
The adsorption kinetics of nitrate by MRS
adsorbent was studied at the following conditions; initial
pH = 7.4, initial nitrate concentration = 6 mg/L,
temperature = 25 oC, contact time = 180 min and
adsorbent dose = 2.5 g/L. The experimental data fitted to
the kinetic models Pseudo first order and Pseudo second
order which were described by the following equations:
Pseudo first order: Log (qe − q) = Log (qe) −
Pseudo second order:

𝑡

𝑞𝑡

=

1

𝑘2∗𝑞𝑒 2

1

+( )∗𝑡
𝑞𝑒

k1∗t

2.303

h = k2 ∗ qe2

(3)

Where qe and qt are the amounts of nitrate
adsorbed by adsorbent at equilibrium and at time (t),
respectively. k1, k2 are rate constants for Pseudo first order
and Pseudo second order, respectively [11], [12], [13].
Figures 2 and 3 represented the kinetic model application
on the experimental results.

(1)
(2)

The initial adsorption rate (mg/L.min) was
described by the following equation:
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Figure-2. Pseudo first order kinetics model for nitrate
removal by the MRS adsorbent.

The results in Table-2 concluded that the pseudofirst order model was not suitable for the nitrate adsorption
by MRS as the calculated value of adsorption capacity at
equilibrium (qe) showed higher difference with the
experimental value than the pseudo second order model.
Also, the pseudo-first order model showed lower
correlation coefficient value (R2 = 0.872) for nitrate
adsorption than the pseudo-second order model (R2 =
0.9999). Therefore, the nitrate adsorption by MRS
adsorbent could be well represented by the pseudo-second
order kinetic model.
As the nitrate adsorption by MRS suggested
model was the pseudo second order kinetic model which
indicated that a chemisorption process occurred so, the
rate limiting step for this system was determined by the
intraparticle diffusion model and Byod plot. The
intraparticle diffusion model could be represented by the
following equation[14], [13]:
𝑞𝑡 = 𝑘𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 ∗ 𝑇 2 + 𝐶𝑖

(5)

Where qt is the amount of nitrate adsorbed at
time (t) and Ci is the thickness of layer and kdiffusion is the
adsorption rate constant of intraparticle diffusion model.
The Byod plot was determined using the
following equations[14]:
𝐹=

Figure-3. Pseudo second order kinetics model for nitrate
removal by the MRS adsorbent.
Table-2 represented the parameters of kinetic
models; the correlations coefficients (R2), initial
adsorption rate (h), k1 and k2are rate constants for Pseudo
first order and Pseudo second order kinetic models,
respectively.
Table-2. Pseudo first order and Pseudo second order
kinetic models parameters.
Kinetic model

Pseudo first
order

Parameters
qe (exp) (mg/g)
qe (calculated)
(mg/g)
k1 (min-1)
2

Pseudo second
order

2.36408

Where the qmax is the maximum adsorbed amount
of nitrate and F is the fraction of the adsorbed nitrate at
any time (t).
The Bt values could be calculated at different
contact times through the following equation[14]:
𝐵𝑡 = −0.4977 − Ln (1 − F)

(7)

Where Bt is the mathematical function of F.
Figure-4 represented the intraparticle diffusion
model plot where the first linear portion represented the
occurrence of film diffusion followed by another linear
portion which represented the occurrence of intraparticle
diffusion.
Byod plot is used to predict the actual limiting
step involved in the adsorption process byplotting the B t
values vs. time (t) [14].

0.01612
0.872

qe(exp) (mg/g)
qe (calculated)
(mg/g)
k2 (mg/g. min)

2.364

0.5381

h (mg/L.min)

3.0078

R

(6)

6.14469

R

2

𝑞𝑡

𝑞𝑚𝑎𝑥

2.100

0.9999
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constant which indicates the adsorption energy (L/mg).
The values of qm and KL can be determined from the linear
plot of Ce/qe versus Ce.
6.1.2 Freundlich isotherm
This model is used to give information of the
adsorption characteristics for the heterogeneous surface.
Freundlich isotherm is represented bythe following
equation:
1

Logqe = LogKF + ∗ LogCe

(9)

n

Figure-4. Intraparticle diffusion model for nitrate removal
by MRS.
Byod plot suggested that the actual slowest step
was the film diffusion as the plot was linear and didn’t
pass through the origin as represented in Figure-5.

Where KF (L/mg) and n are the Freundlich
constants that indicate the adsorption capacity and
adsorption intensity, respectively[12], [16].
6.1.3 Halsey isotherm
Halsey isotherm is used for multilayer adsorption
system and heterogeneous surfaces for adsorption of metal
ions at a relatively large distance from the surface[16].
Halsey isotherm is represented by the following equation:
Lnqe =

1

nH

1

∗ LnKH − ∗ ln
n

1

(10)

Ce

Where 𝐾𝐻 and 𝑛𝐻 are the Halsey constants.
Figure-6 represented the Halsey isotherm kinetic model.

Figure-5. Byod Plot for nitrate removal by MRS.
6. ADSORPTION ISOTHERM STUDIES
Two and three parameters isotherm models were
studied to fit the experimental data obtained from the
effect of nitrate ions concentration (6 mg/L to 40 mg/L) on
adsorption. Three parameters isotherm models are accurate
than two parameters isotherm models because, they have
three constants in their equations.

Figure-6. Halsey isotherm model for nitrate removal
by MRS.

6.1 Two Parameters Isotherm Models

6.2 Three Parameters Isotherm Models

6.1.1 Langmuir isotherm
Langmuir isotherm model is concept of the
monomolecular adsorption on homogeneous surfaces.
Langmuir is represented by the following equation [12],
[15], [16]:

6.2.1 Langmuir-Freundlich isotherm
Langmuir-Freundlich isotherm characterizes the
distribution of the adsorption energy onto the adsorbent’s
heterogeneous surface. Langmuir-Freundlichisotherm
could be expressed by the following equation:

𝐶𝑒

𝑞𝑒

=(

1

𝑞𝑚

) ∗ 𝐶𝑒 +

1

𝑞𝑚∗𝐾𝐿

(8)

Where Ce and qe represent the concentrations of
nitrate at equilibrium (mg/L) in solution and in solid
phase, respectively. q m is the maximum monolayer
adsorption capacity (mg/g) and K L is the Langmuir

qe = [qm.(KL.Ce)n ] / [1 + (KL.Ce)n ]

(11)

Where 𝑞m is maximum adsorption capacity
(mg/g), 𝐾L is equilibrium constant for heterogeneous
adsorbent and n is heterogeneous parameter which lies in
between 0 and 1. Nonlinear regression method can be used
to determine these parameters [17].
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6.2.2 Koble-Carrigan isotherm
The Koble-Carrigan isotherm model is a
combination of Langmuir and Freundlich isotherms which
is used to represent the equilibrium adsorption data.
Koble-Carrigan isotherm is expressed by the following
equation:
qe = A.Cen / (1 + B.Cen)

(12)

Where A (Ln.mg1-n/g), B (L/mg)n and n are the
Koble-Carrigan constants, n is exponent that lies between
0 and 1 and qe is the amount of pollutant which is
adsorbed on the sorbent at equilibrium (mg/g) [16], [17],
[12].
6.2.3 Redlich-Petreson isotherm
The Redlich-Petrson isotherm model is applicable
for either heterogeneous or homogenous adsorption
systems due to its characterization. Redlich-Petrson
isotherm isexpressed by the following equation:
qe = A.Ce / (1 + B.Ceβ)

(13)

Where B is a constant (L/mg), A is the RedlichPeterson isotherm constant (L/g), Ce is the equilibrium

concentration (mg/L), β is exponent that lies between 0
and 1 and qe is the amount of pollutant which is adsorbed
on the sorbent at equilibrium (mg/g) [16], [12], [17].
Table-3 represented the results of the two and
three parameters isotherm models. The best fitted isotherm
models were Freundlich and Halsey as they had the
greatest correlation coefficient value (R2 = 0.997) while
Langmuir isotherm model has (R2 = 0.973), respectively.
In the Freundlich isotherm model the value of1/n
parameter (0.361) was less than 1 which indicated the
suitability of the adsorption process for the Freundlich
isotherm model. This result actually indicates the surface
heterogeneity of the adsorbent and the adsorption process
operated under multilayer adsorption. It was found that the
Halsey isotherm model is an excellent model to describe
the multi-layer behaviour of adsorption [16]. For three
parameters isotherm models; Langmuir-Freundlich
isotherm and Koble - Carrigan isotherm models were best
fitted with the experimental results as they had the greatest
correlation coefficient (R2 = 0.999) than the RedlichPetrson model (R2=0.5). The value of parameter n in
Koble-Carrigan isotherm model was 0.3828 which is
closed zero, this indicated that the equilibrium isotherm
model was approaching to Freundlich equation and the
nitrate adsorption mechanism is heterogeneous [18].

Table-3. Results of the two and three parameters isotherm models for nitrate
adsorption by modified ice straw.

Freundlich

Two parameters
models

R2

0.997

1/n

0.361

n

2.77

KF (L/mg)

3.614

2

Halsey

R

0.997

nH

2.77

KH (L/mg)

3.5650

2

Langmuir

R

0.973

qm (mg/g)

10.869

KL (L/mg)

0.41818

2

Langmuir Freundlich

R

0.9999

qm (mg/g)

101.22

n

0.38916

KL

0.00021

2

Three
parameters
models

Koble - Corrigan

R

0.9999

A

3.68166

B

0.02623

n

0.38283

2

Redlich - Peterson

R

0.5

A

10.9916

B

73.3042

β

-0.5542
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7. CONCLUSIONS
Synthesis of the MRS adsorbent for nitrate
removal was developed with lower energy consumption
method than the energy valorization process. Also, the
synthesis of this adsorbent contributed in removal of
nitrate and rice straw waste which can increase the
environmental remediation. Pseudo second order kinetic
model was the best model to describe the nitrate
adsorption by MRS adsorbent which indicated that a
chemisorption process occurred. The rate limiting step was
determined using intraparticle diffusion model and Byod
plot which illustrated that film diffusion was the rate
limiting step for this system. Freundlich and Halsey
isotherms were the best fitted model to describe this
adsorption system. The optimum nitrate removal94.8 %
was achieved at pH= 7, adsorbent dose 3 = g/L, 150 rpm,
initial nitrate concentration = 23 mg/L and contact time
180 = min.
ACKNOWLEDGMENT
The authors are thankful to Nano Technology
Research Center (NTRC) at the British University in
Egypt (BUE), Cairo, Egypt for providing the necessary
funding and facilities to carry out this work.
REFERENCES

[7] M. Mohsenipour, S. Shahid and K. Ebrahimi. 2014.
Removal techniques of nitrate from water. Asian J.
Chem. 26(23): 7881-7886.
[8] D. a. Ali, M. a. Gadalla, O. Y. Abdelaziz, C. P.
Hulteberg and F. H. Ashour. 2017. Co-gasification of
coal and biomass wastes in an entrained flow gasifier:
Modelling, simulation and integration opportunities. J.
Nat. Gas Sci. Eng. 37: 126-137.
[9] W. N. R. W. Isahak, M. W. M. Hisham and M. A.
Yarmo. 2013. Highly porous carbon materials from
biomass by chemical and carbonization method: A
comparison study. J. Chem., no. September 2012.
[10] M. Savasari, M. Emadi, M. A. Bahmanyar and P.
Biparva. 2015. Optimization of Cd (II) removal from
aqueous solution by ascorbic acid-stabilized zero
valent iron nanoparticles using response surface
methodology. J. Ind. Eng. Chem. 21: 1403-1409.
[11] S. Khandaker, Y. Toyohara, S. Kamida and T. Kuba.
2018. Adsorptive removal of cesium from aqueous
solution using oxidized bamboo charcoal. Water
Resour. Ind. 19(December 2017): 35-46.

[1] R. Katal, M. S. Baei, H. T. Rahmati and H. Esfandian.
2012. Kinetic, isotherm and thermodynamic study of
nitrate adsorption from aqueous solution using
modified rice husk. J. Ind. Eng. Chem. 18(1): 295302.

[12] S. Sepehri, M. Heidarpour and J. Abedi-Koupai.
2014. Nitrate removal from aqueous solution using
natural
zeolite-supported
zero-valent
iron
nanoparticles. Soil Water Res. 9(4): 224-232.

[2] Q. Hu, N. Chen, C. Feng, W. Hu and H. Liu. 2016.
Kinetic and isotherm studies of nitrate adsorption on
granular Fe-Zr-chitosan complex and electrochemical
reduction of nitrate from the spent regenerant
solution. RSC Adv. 6(66): 61944-61954.

[13] S. M. Yakout and E. Elsherif. 2010. Batch kinetics,
isotherm and thermodynamic studies of adsorption of
strontium from aqueous solutions onto low cost ricestraw based carbons. Carbon - Sci. Technol. 3(1):
144-153.

[3] S. Ghafari, M. Hasan and M. K. Aroua. 2008. Bioelectrochemical removal of nitrate from water and
wastewater-A review. Bioresour. Technol. 99(10):
3965-3974.

[14] S. Nethaji, A. Sivasamy and A. B. Mandal. 2013.
Adsorption isotherms, kinetics and mechanism for the
adsorption of cationic and anionic dyes onto
carbonaceous particles prepared from Juglans regia
shell biomass. Int. J. Environ. Sci. Technol. 10(2):
231-242.

[4] Y. H. Hwang, D. G. Kim and H. S. Shin. 2011.
Mechanism study of nitrate reduction by nano zero
valent iron. J. Hazard. Mater. 185(2-3): 1513-1521.
[5] I. Zhu and T. Getting. 2012. A review of nitrate
reduction using inorganic materials. Environ.
Technol. Rev. 1(1): 46-58.
[6] H. Wang, Y. Guan, L. Li, and G. Wu. 2015.
Characteristics of Biological Nitrogen Removal in a
Multiple Anoxic and Aerobic Biological Nutrient
Removal Process. Vol. 2015.

[15] D. a.O. 2012. Langmuir, Freundlich, Temkin and
Dubinin–Radushkevich
Isotherms
Studies
of
Equilibrium Sorption of Zn 2+ Unto Phosphoric Acid
Modified Rice Husk. IOSR J. Appl. Chem. 3(1): 3845.
[16] R. Saadi, Z. Saadi, R. Fazaeli and N. E. Fard. 2015.
Monolayer and multilayer adsorption isotherm models
for sorption from aqueous media. Korean J. Chem.
Eng. 32(5): 787-799.

1944

VOL. 15, NO. 18, SEPTEMBER 2020

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences
©2006-2020 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com
[17] N. Ayawei, A. N. Ebelegi and D. Wankasi. 2017.
Modelling and Interpretation of Adsorption Isotherms.
J. Chem. Vol. 2017.
[18] G. P. Jeppu and T. P. Clement. 2012. A modified
Langmuir-Freundlich isotherm model for simulating
pH-dependent adsorption effects. J. Contam. Hydrol.
129-130: 46-53.

1945

